Study objective: To examine time trends in socioeconomic and regional inequalities in under 5 mortality in Indonesia during almost two decades of economic growth. Design: Under 5 mortality was calculated for the total population and for subgroups by maternal education, household wealth, rural/urban residence, and island group, using the 1987, 1991, 1994, and 1997 R educing socioeconomic and regional disparities in mortality within countries is an important objective of national governments and international organisations.
R
educing socioeconomic and regional disparities in mortality within countries is an important objective of national governments and international organisations. [1] [2] [3] [4] Imperative to achieving this goal is identifying the conditions under which mortality inequalities decrease. Not much is known, however, about how inequalities change over time, and what the determinants of these changes are.
There are some indications that relative socioeconomic inequalities in mortality tend to increase in periods of economic growth and overall gains in survival. The existing evidence pertains to both high income countries, where such mortality inequalities have tended to rise during the past centuries, 5 6 and, more recently, during the past decades, [7] [8] [9] and to some developing countries. [10] [11] [12] [13] Empirical evidence, however, remains scarce, and is mostly restricted to a limited set of socioeconomic or regional determinants. 14 Further evidence can be provided by the analysis of time trends in inequalities in countries experiencing rapid economic growth. The newly industrialising countries of Asia, which experienced sustained high economic growth since the 1970s until mid-1997, provide a valuable ''laboratory'' for such research. The availability of demographic and health survey data for Indonesia for four subsequent periods provides a unique opportunity to study such time trends during almost two decades of economic growth. The particularly large sample sizes make the Indonesian demographic and health surveys suitable for such an analysis.
Indonesia, the most populous country in South East Asia, was one of Asia's miracle economies. 15 Its high economic growth was shared reasonably equally across wealth groups, with the ratio of household expenditures between the poor and the rich having remained similar since the 1970s. 16 Poverty rates declined substantially, and nutritional standards improved. 15 16 Government investments in education were accompanied by strong increases in female literacy. The number of health care facilities expanded. 15 17 These changes were paralleled by strong declines in under 5 mortality. It is unknown to what extent this mortality decline has been equally shared across different groups within the country.
Our study aimed to describe trends in inequality in under 5 mortality in Indonesia between 1982 and 1997. Under 5 mortality is an often used indicator of population health. Moreover, in developing countries, data on under 5 mortality are comparatively reliable compared with other measures of population health. We studied inequalities in under 5 mortality along the following dimensions: maternal education, household wealth, rural-urban residence, and island group.
The set up of this study was guided by the conceptual framework described by Mosley and Chen, 18 in which distal determinants such as maternal education exert an effect on under 5 mortality via more proximate determinants such as health care use. The effects of distal determinants like maternal education may also be explained by their association with other distal determinants, such as household wealth.
METHODS
Retrospective birth history data and data on determinants of under 5 mortality were obtained from the 1987, 1991, 1994, and 1997 Indonesian Demographic and Health Surveys. 19 The Demographic and Health Surveys are nationally representative surveys among ever-married women aged 15-49 years. The sample sizes of the four Indonesian surveys are large: 11 884, 22 909, 28 168, and 28 810 women respectively. Response rates were high: 97% and above.
We defined under 5 mortality as the number of deaths under age 60 months per 5000 person years during the six years preceding the survey. Using person years instead of births as denominator assured that exactly the same information was used as in the analyses on mortality inequalities, as explained below. We used 5000 person years to obtain rates that have a roughly similar interpretation to the probability of dying within five years after birth. Children could enter the time frame at birth (in case they were born during the time frame) or at any age until 59 months (in case they were born before the start of the time frame). Data on age at death were available in months for deaths at age 2 years and below, and in years for deaths above that age. In the analyses, age at death in months was used where available. A six year time frame was used to ensure reasonable statistical power while limiting the recall bias involved with long time frames. Adjacent time frames partly overlap, which might lead to conservative estimates of changes over time.
Under 5 mortality was calculated for the total population and for educational, wealth, community, and island subgroups. Maternal education was categorised into four groups: ''no education'', ''some primary education'', ''primary completed'', and ''some secondary schooling and higher''. Household wealth was measured using an index based on ownership of assets, consisting of durable consumer goods, water and sanitation facilities, and housing quality. The assets were combined into a wealth index using weights derived through principal components analysis. 20 21 Despite its limitations, 22 this index has gained fairly wide acceptance as a measure of economic status in developing countries. 21 23 The principal components analysis was performed on a pooled dataset containing all survey years, with households as units of analysis. Consequently, the weighting scheme for the assets was the same for all years. Households were categorised into wealth groups, each consisting of 25% of the total household population in the pooled dataset. By using the same cut off points for all years to construct wealth groups, changes over time in wealth could be taken into account.
We distinguished three community types: urban, electrified rural, and not electrified rural. Rural-urban residence and the availability of electricity are known to influence child survival. 24 Electricity was measured at the household level. As electricity is often communally provided, it is associated with community level availability and quality of infrastructure and services. Nevertheless, it may measure some household level effects in addition to community level effects.
Finally, we distinguished between the islands of Java and Bali-the political and economic centre of Indonesia-and the more peripheral Outer Islands, consisting of all other islands.
Inequalities in under 5 mortality by educational attainment, household wealth, rural/urban residence, and island group were estimated using Cox proportional hazards regression analysis. Inequalities were expressed in terms of hazard ratios, giving the ratio of the hazard of dying before age 60 months when comparing deprived with better off subgroups. For each of the determinants, inequalities in under 5 mortality were calculated for four periods separately using one regression model including an interaction term between predictor and survey year (survey year defined as ordinal variable). Overall time trends in inequality were tested by including survey year as continuous variable (instead of as ordinal variable) in the regression model. The trend estimates give the factor with which the hazard ratio changes between the 1987 and 1997 survey when modelling a linear time trend in effect.
Next, we assessed to what extent the observed inequalities could be explained by the other socioeconomic and regional determinants studied. For this purpose we added maternal education, household wealth, rural/urban residence, and island group to all the initial models. Both their main effects and their interaction effects with survey year were included, to allow for changes in their effect over time.
The demographic and health surveys are based on a cluster sampling scheme. Observations within clusters are likely to be more similar than those obtained through a simple random sample. To obtain correct confidence intervals around the hazard ratios and trend estimates, this design effect needs to be taken into account. Standard errors were obtained by bootstrapping the Cox analyses, keeping the number of clusters per survey year constant. For every model, 500 bootstrap replications were obtained. 25 For each mother, on average, 1.5 children were included in the study. This intra-household dependency had no *Total number of children and total number of deaths. As the number of missing values varies between variables, the total number of deaths also varies between the determinants.
noticeable effect on the standard errors. Cox analyses and bootstraps were done in S-PLUS 6.0. Inequalities were also calculated for infant mortality (mortality under age 12 months) and child mortality (mortality between age 12 and 59 months) separately, as the strength of the effects of the studied determinants is known to vary with the age of children.
Finally, a first step towards explaining time trends in inequality was set by calculating time trends in health care use for educational and island subgroups. To minimise residual confounding, we used narrow educational and wealth groups (consisting of four categories) when adjusting for education and for wealth. *Comparing ''not electrified rural'' with urban.
RESULTS
During the 1980s and 1990s, the Indonesian population has become better educated and wealthier. This is reflected in an increase in the proportion of children born to mothers with at least some secondary education and a decrease in the proportion of children born in poor or next-poor households (table 1) . The proportion of children born in not-electrified rural areas decreased by more than 50%. Table 2 shows time trends in under 5 mortality. Total under 5 mortality declined by 43% between the 1987 and 1997 survey. All socioeconomic and regional groups experienced improvements in survival. Small deviations from the monotonic mortality decline are possibly attributable to chance. The more substantial mortality increases between the first and second survey among children of higher educated, nextrich, and urban women seemed to be concentrated in the province of West Java (results not shown). The causes of this mortality increase remain unknown.
Children born to low educated mothers experienced stronger mortality declines than children of high educated mothers. Hence, the educational mortality gap decreased systematically. In 1982-87, children of low educated mothers were twice as likely to die before their 5th birthday compared with children of high educated mothers. This mortality gap decreased to a ratio of 1.52 in 1992-1997. The decrease was not statistically significant, as indicated by the 95%CI around the trend estimate. When comparing the two extreme educational groups, ''no education'' and ''some secondary plus'', a not statistically significant decline in inequality was seen, from a ratio of 3.42 (95%CI 2.41, 4.85) in 1982-87 to 2.54 (95%CI 1.87, 3.46) in 1992-97. Mortality differences between the lowest three educational groups virtually disappeared in 1992-97.
An irregular pattern of change over time was seen for mortality inequalities according to household wealth. Nevertheless, absolute poor-rich inequalities decreased, because of stronger absolute mortality declines among poorer groups.
The relative mortality gap between urban and notelectrified rural areas widened. This increase was borderline Low educated: no education or some primary, high educated: primary completed or higher. DHS: Demographic and Health Surveys. In DHS 1987, data were not available for a number of indicators. *Measles: % of surviving children age 12-23 months (at time of survey) with measles vaccination, by vaccination card or mother's report.
ÀMeasures the absolute change in rate between DHS 1991 and 1997.`Antenatal care: % of births in the five years before the survey for which a woman received at least one antenatal care consultation from a medically trained person, defined as a doctor, nurse, or nurse midwife. 1Skilled delivery attendance: % of births in the five years before the survey that were attended to by a medically trained person, defined as a doctor, nurse, or nurse midwife. ôBirths with tetanus vaccination: % pregnancies during which tetanus toxoid injections were given to avoid convulsions after birth. **Current use of modern family planning methods: % of married women aged 15-49 years. ÀÀ Knowledge of ORS: % mothers having heard of ORS (oral rehydration) for treating children with diarrhoea.
significant. In 1992-97, under 5 mortality in not-electrified rural areas was 2.18-fold higher than in urban areas (95%CI 1.70, 2.80). Mortality inequalities between not-electrified and electrified rural areas increased statistically significantly (results available on request). Mortality differences between Java/Bali and the Outer Islands were small or non-existent during the 1980s. These inequalities, however, emerged and increased during the 1990s, because of stronger mortality declines on Java/Bali. In 1992-97, under 5 mortality on the Outer Islands was 1.44-fold higher than on Java/Bali (95%CI 1.17, 1.74 ). This increase was borderline significant. Table 3 shows the extent to which the observed inequalities were explained by other factors. Educational mortality inequalities were partly (50% in 1992-97) explained by household wealth. However, the observed decline over time in educational mortality inequalities was not explained by household wealth (this decline was also seen after adding wealth to the regression model). This was checked and confirmed by using three alternative wealth measures, such as a regression model including all wealth indicators separately as dummies (see appendix available on line). Nor was the observed decline in inequalities explained by rural/urban residence or island group.
Mortality differences between poor and rich children were for about 50% explained by maternal education. In 1992-97, for example, the hazard ratio after adjustment for education (1.29) was about halfway between 1 (indicating no effect) and 1.57 (the univariate effect of wealth). Household wealth lost most of its statistically significant association with under 5 mortality after adjusting for education, rural/urban residence and island group, with 95%CIs including 1 in three of the four periods.
Differences in under 5 mortality between urban and notelectrified rural communities were largely explained by household wealth, maternal education, and to a lesser extent by island group. Only in 1989-94, substantial inequalities remained after adjusting for the above mentioned factors.
The widening mortality gap between Java/Bali and the Outer Islands was partly explained by household wealth, and more strongly by rural/urban residence. Adjustment for education showed that the greater improvements in educational attainment on the Outer Islands dampened the trend of widening regional mortality inequalities. In 1992-97, a moderately large and statistically significant mortality gap remained between the island groups after adjusting for all factors.
Socioeconomic and regional inequalities in child (12-59 months) mortality were overall substantially larger than those in infant (0-11 months) mortality, especially in later periods (see appendix available on line). Educational inequalities seem to decline for both infant and child mortality. Neither trends were, however, statistically significant. Inequalities in child mortality by household wealth and between urban and not-electrified rural areas increased strongly and significantly. Time trends in inequality in infant mortality by these factors were weaker and not significant. The gap between island groups in infant and child mortality increased over time, although the changes were not statistically significant.
Health care use has, overall, increased (table 4) . Low educated mothers probably experienced somewhat stronger increases in antenatal care, tetanus vaccination, family planning, and knowledge of oral rehydration solution. Conversely, higher educated mothers probably experienced a somewhat stronger increase in skilled delivery attendance. Educational inequalities in skilled delivery attendance, and measles and tetanus vaccination remained large.
On the Outer Islands, health care use (especially measles vaccination, antenatal care, and tetanus vaccination) improved considerably over time. Whereas in 1991 utilisation rates were substantially lower on the Outer Islands than on Java/Bali, this difference was generally smaller or had disappeared in 1997.
DISCUSSION
Under 5 mortality declined substantially in Indonesia during the 1980s and 1990s. This decline seems to be unequally distributed across socioeconomic groups and across regions. The mortality declines were possibly stronger among children of low educated mothers than children of high educated mothers. Hence, the mortality gap between the low and high educated possibly narrowed. Peripheral areas lag behind the mortality progress experienced by urban areas and the central islands of Java and Bali. Irregular time trends were seen for relative inequalities according to household wealth. Absolute mortality inequalities generally decreased over time.
Educational inequalities in under 5 mortality nevertheless remained substantial during the last study period. Under 5 mortality was 2.5-fold higher among children of uneducated mothers than among children of mothers with some secondary education. Also regional inequalities were large. Indonesia, with a population of over 200 million, would achieve tremendous gains in under 5 survival if disadvantaged groups and regions would reach the same mortality levels as the better off.
Differences in under 5 mortality between children of women with/without primary education virtually disappeared over time, suggesting that, under conditions prevailing in 1997, only improvements in female education beyond primary school level would substantially improve under 5 survival.
Evaluating the data and methods When evaluating the observed decline in educational mortality inequalities, two issues should be considered.
What this paper adds N Time trends in mortality inequalities have rarely been described in such detail for a low income country.
N We are the first to show for Indonesia that children of low educated mothers experienced at least as strong mortality declines as children of high educated mothers. Hence, the gap in under 5 mortality between the low and high educated possibly narrowed.
N However, peripheral areas seem to lag behind the progress in under 5 survival experienced by urban areas and the central islands of Java and Bali.
Policy implications
N The stable or declining inequalities in under 5 mortality by maternal education challenge the assumption that socioeconomic mortality inequalities tend to rise during a period of rapid economic growth.
N Our paper suggests that an equitable distribution of the benefits of economic growth in general and rural development in particular may be important factors for preventing widening inequalities in under 5 mortality.
Firstly, there was not enough statistical power to exclude the possibility that this decline was attributable to chance variations. The limited statistical power is related to the necessary adjustment for cluster sampling in the Demographic and Health Surveys, an adjustment that many studies omit. Even with huge datasets like the Indonesian Demographic and Health Surveys, it remains difficult to precisely establish time trends in inequality. Nevertheless, the systematic nature of the decline in inequality over four periods, and the similar pattern observed for infant and child mortality, does suggest this decline was real. Important to note, there are no indications that educational mortality inequalities increased over time. Secondly, the observed decline in inequality cannot be explained by a stronger negative selection of the low educated over time. Negative selection means that as having a low educational attainment becomes more an exception (table 1) , it is increasingly associated with characteristics that instigate high mortality. Such an increased selection would imply increasing, instead of decreasing inequalities.
The irregular time trends in inequality according to household wealth are possibly attributable to problems with comparability of the wealth measure over time. It is not likely that the effect of wealth fluctuates strongly within short periods of time, perhaps except in the case of severe economic or societal disruption. Whereas the wealth index has gained fairly wide acceptance as measure of economic status in developing countries, its usefulness in time trend analyses seems to be restricted. Future research should pay attention to improving the wealth index in this respect.
Explaining the results
Stable or declining educational inequalities in under 5 mortality are remarkable, as they contrast with indications that mortality inequalities generally increase in times of rapid economic growth. [10] [11] [12] [13] Especially educational inequalities can be expected to increase, as maternal education has been shown to be a crucial factor in adopting ''modern'' health behaviour and taking advantage of new health technologies. 26 27 We will discuss three explanations for the observed narrowing mortality gap. Thereafter, we will discuss explanations for the increasing regional inequalities.
Firstly, mortality inequalities might decline once the better off have reached a (contextually defined) saturation point beyond which further improvements are not attainable. 11 This, however, cannot explain our results. Even if further mortality declines were difficult to attain among the highest educated, they were attainable among all other educational groups. Yet, also among these groups, a clear gradient was seen, with the lower educated experiencing stronger mortality declines.
Secondly, an increased availability of health care and family planning services may have contributed to faster declines in under 5 mortality among the low educated. 28 29 In Indonesia, the network of community health centres that was set up throughout the country during the 1970s, 15 was expanded with lower level sub-centres and village health posts during the 1980s. 17 Although health facilities have increased in quantity, there are important concerns over quality and accessibility for the poor. 17 We found no strong indication that increased health care use contributed to the observed narrowing mortality gap. The trends in health care use only differed slightly between educational groups, and the strongest increases were not consistently concentrated among the lower educated. Another study showed that the total fertility rate declined most strongly, from 3.7 births in 1984 to 2.7 in 1997, among uneducated women, whereas it remained stable at around 2.6 births among the high educated. 30 Lower fertility rates are, via longer birth intervals, associated with lower under 5 mortality rates. 31 32 This may have contributed to the observed decline in educational inequalities in under 5 mortality in general, and in infant mortality in particular.
Finally, an equal sharing of economic growth across socioeconomic groups may contribute to a faster mortality decline among the low educated. An equitable income distribution and the accompanying poverty decline have been lauded as one of the hallmarks of Indonesia's high economic growth. 15 16 The poor-rich ratio of household expenditure had not fundamentally changed since the 1970s, showing that both groups benefited about equally from the economic boom. 16 The poverty decline may have disproportionately benefited the low educated. Nevertheless, household wealth could not explain, in a multivariate analysis, the observed decline in educational mortality inequalities. Moreover, the availability of water and sanitation facilities did not change substantially (results available on request). More specific mechanisms, such as an improvement in the nutritional status of mothers and young children, may have been at work. It has been estimated that malnutrition is an underlying factor in 54% of all child deaths in Indonesia. 33 Malnutrition has declined steadily during the economic growth period, thanks to the Green Revolution and the government's pro-active food policy. 16 Moreover, socioeconomic differences in child malnutrition declined in Indonesia during the 1990s. 34 The small mortality differences between Java/Bali and the Outer Islands during the 1980s might have been partly related to the mildly equalising fiscal flows between the centre and periphery during the mid-1970s until the early 1990s. 16 In the early 1990s, economic growth became more concentrated on Java. 15 In rural Java/Bali, the prevalence of household poverty decreased somewhat faster and the percentage of children living without electricity declined much faster than in rural areas of the Outer Islands (results available on request). Our multivariate analysis confirmed that the increasing mortality gap between Java/Bali and the Outer Islands might be partly explained by a faster rural development on Java/Bali.
Differential trends in health care use and fertility cannot explain the increasing mortality gap between the island groups. Improvements in health care use were much stronger on the Outer Islands than on Java/Bali. Others have shown that also declines in total fertility were stronger on the Outer Islands. 30 Summarising, during the Asian economic boom, children of low educated mothers experienced at least as strong mortality declines as children of high educated mothers. Hence, the mortality gap between the low and high educated possibly narrowed. This was not a necessity, caused by ''saturation'' in the mortality decline among the higher educated. Rather, the Indonesian economic and political context has probably been conducive to this development. The reasonably equitable distribution of economic growth across socioeconomic groups in Indonesia 15 16 may have prevented rising educational inequalities in mortality. The specific mechanisms that contributed to the observed decline in inequality are, however, uncertain. Whereas improvements in household wealth seemed not to explain the observed trend, improved nutritional status among low educated mothers and their children might be an explanation. Unequal economic growth between the central islands of Java/Bali and the more peripheral Outer Islands, and especially a faster rural development on Java/Bali, may have contributed to the increasing regional mortality inequalities. This suggests that the diverging trends in mortality inequalities by education and island group might be explained by the same mechanism-that is, distribution of economic growth.
This distribution was comparatively equitable across socioeconomic groups, thereby possibly preventing widening educational mortality inequalities. Conversely, a stronger concentration of economic growth on Java/Bali may have contributed to the increasing regional mortality gap.
Our results for Indonesia might be exemplary for a broader set of newly industrialising Asian countries. These countries have followed a similar development trajectory, with high economic growth, a rather equitable income distribution, and governments with ''development agendas''. 15 Further research should discover if this shared development trajectory was accompanied by shared time trends in mortality inequalities.
The Asian economic boom was followed in mid-1997 by an economic crisis, which has severely affected economic wellbeing and possibly also health of the Indonesian population. The inequalities observed for 1992-97 may therefore not be fully applicable to the current situation. Mortality inequalities are, however, likely to have persisted, and may even have widened. The recent developments only further emphasise the importance of understanding how inequalities in mortality develop with a country's macroeconomic conditions.
Implications
Our study implies that widening socioeconomic mortality inequalities in times of rapid economic growth are not inevitable; declining inequalities may occur as well, certainly in absolute sense. What happens with mortality inequalities in times of economic growth might depend on how equally this growth is distributed. An equitable distribution of economic growth in general, and rural development in particular, might be important factors for preventing widening inequalities in under 5 mortality. Secondly, our results show that stable or declining inequalities according to one dimension can go together with increasing inequalities in another. This underlines the importance of monitoring mortality inequalities across a broad range of socioeconomic and regional dimensions. Further unravelling of historical trends in mortality inequalities is pivotal for a better understanding of the specific conditions that increase or impede an equal distribution of survival opportunities.
